Fluctuating asymmetry (FA) as a measure of environmental stress was studied in polar bear (Ursus maritimus) skulls from East Greenland (n = 300, collected and Svalbard (n = 391, collected 1950Svalbard (n = 391, collected -2004. Nine metric traits in skull and lower jaw were measured. FA levels of each trait were compared between sex/age groups appearance of organohalogen pollution in the Arctic. Results indicated that Svalbard bears generally had a higher level of FA than those of East Greenland. Overall, no substantial evidence of a linkage between FA and organohalogens was found. Instead, indications were of subpopulations with declining levels of FA over time, suggesting -ence of stress caused by global warming, pollution, and overharvesting.
Introduction
Fluctuating asymmetry (FA) refers to small, random deviations from the ideal morphological symmetry and is typically measured as the absolute difference between a trait on the left-and the right-hand side of a bilaterally symmetrical organism (Møller & Swaddle 1997 , Palmer & Strobeck 2003a . Generally, one must presume that the two sides of the same individual develop according to the same genetic programme and extrinsic environmental factors, such as temperature, noise, food access and quality, chemicals, parasites, and diseases (e.g. Siegel & Mooney 1987 , Borisov et al. 1997 , Stige 2004 et al. often taken as a measure of developmental stability (DS), "the ability to attain equal development under the given circumstances" (Zakharov 1992) , and its counterpart developmental insta--ism's ability to buffer its development against disturbance (Møller & Swaddle 1997) . The more stress from the surrounding environment it is exposed to, the higher DS and thus lower FA it is expected to have (Stige 2004) . FA is therefore often taken as an indicator of phenotypic and genotypic quality (Møller & Swaddle 1997 ). As such, it can be used as a helpful tool in population dynamics research, where FA measurements could potentially be used as a substitute for, or as a supplement to, the more traditional ways of -tion (Clarke 1995, Baranov et al. 1997 , Zakharov et al. 1997a , Stige 2004 . High levels of FA have been connected with inbreeding depression , high population density (Zakharov et al. 1997b) , and genetic factors such as increased levels of hybridization and heterozygosity (Borrell et al. 2004, Andersen et al. metric and meristic traits of a multitude of organisms (plants: Pelabon et al. Lajus & Alekseev 2004 , Vilisics et al. 2005 , Andersen et al. & Yablokov 1990 , Pertoldi et al. 2003 ).
An organism's DS is often believed to be largely determined during the foetal stage (e.g. Siegel et al. 1977b , Møller & Swaddle 1997 . However, aspects such as canalization (Nijhout & Davidowitz 2003) and plasticity (Nijhout & Davidowitz 2003 , Palmer & Strobeck 2003a are also important concerns. A robust methodology is essential in FA stud- Merilä & Björklund 1995 , Stige 2004 . One of the greatest challenges in working with FA is getting the measurement error (ME) as small as possible (e.g. Merilä & Björklund 1995 , Palmer & Strobeck 2003a , Stige 2004 . In order to quantify ME in relation to FA it is important to take replicate and independent measurements (Palmer 1994 , Merilä & Björklund 1995 , Palmer & Strobeck 2003a . The obtained measurements must also be examined for directional asymmetry (DA) and anti-symmetry, as such measurements are presumed to be a result of other factors than a low DS (Palmer & Strobeck 2003a , Stige 2004 .
Many studies have been conducted in order to identify which forms of stress can affect FA and DS. Factors such as social stress (Valetsky et al. (Pertoldi et al. 2000a) , sexual selection (Voigt et al. 2005) , nutritional stress (Pravosudov & et al. 1977a, Petavy et al. positively correlated with levels of FA. Organic pollution is one form of environmental stress that has been another positively correlated with FA (e.g. Zakharov & Yablokov 1990 , Borisov et al. 1997 , Zakharov et al. 1997a , Maul & Farris 2005 . The Arctic acts as a sink for a range of persistent organic pollutants (POPs), most of them organohalogens (OHCs) such as polychlorinated biphenyls (PCBs), chlordane (CHL), dichlorodiphenyltrichloroethane (DDT), dieldrin, hexachlorocyclohexane (HCH), hexachlorobenzene (HCB), and polybrominated diphenyl ethers (PBDEs) (AMAP 2004) . Many of these pollutants are highly lipophilic and bio-accumulate in marine food chains, particularly in the fatty tissue of marine mammals (e.g. Borgå et al. 2001 , AMAP 2004 the polar bear is an Arctic top predator, whose diet mainly consists of blubber from ringed seals (Phoca hispida) and bearded seals (Erignathus barbatus) (Ramsay & Stirling 1988 , it has indeed been found to carry some of the highest POP loads of any Arctic mammal species, especially so in bears from Svalbard and East Greenland (Norstrom et al 1998 , Verreault et al. 2005 , Muir et al. et al. 2007 , Gebbink et al. 2008 . Chronic exposure to these pollutants in the polar as endocrine disruption, reduced size of sexual organs and bone mineral density, and organ histopathology (e.g. Wiig et al. 1998 , Derocher et al. 2003 , Braathen et al. 2004 , Kirkegaard et al. 2005 , Sonne et al. 2005a , 2005b The use and outputs of for example PCBs, one of the major organochlorines, began in the Dietz et al. 2004) . Reports on the temporal trends of the persistent organic pollutants in the Arctic now show indications of a decline in several of the "older" toxic substances over the last decades (e.g. Derocher et al. 2003 , Verreault et al. 2005 , Riget 2005 ), while many novel contaminants seem to increase (Corsolini et al. 2002 , Bossi et al. 2005 et al. adverse health effects from this organohalogen cocktail are unknown and make for a complex pattern when attempting to link organohalogen pollutants with FA. Sonne et al. (2005a) investigated FA in a sample of polar bears from East Greenland and found no relation between pollution loads and FA. This present study is different from the aforementioned one in that the measuring equipment used is electronic and more exact, meaning lower ME and thus, supposedly, more robust results. Also, all traits were measured twice, and more robust statistical methods were applied than those reported in Sonne et al. (2005a) , to obtain a more robust estimation of ME. In addition, the present investigation included polar bears from the Svalbard subpopulation, thus enabling a more extensive and comparative study with the added geographical element. The overall aim of the present study was to study metric FA in a combined sample of skulls of East Greenland and Svalbard polar bears in order to obtain information about spatial and temporal trends in the effects of environmental stress on DS.
Materials and methods

Samples
A sample of 300 polar bear skulls from East Greenland (held at the Zoological Museum, University of Copenhagen), and 391 polar bear skulls from Svalbard (held at the Natural History Museum, University of Oslo) were examined (Table 1 ). The skulls were collected in more or less damaged, and thus the entire range of measurements could not be performed on all skulls. The age determination of the skulls had been done by counting the cementum Growth Layer Groups (GLG) of the lower right incisor and staining (Toluidine Blue), using the method described by Hensel and Sorensen (1980) and Dietz et al. (1991) . The age of 271 skulls from East Greenland and 227 skulls from Svalbard had been determined. Individuals were categorised as subadults (S), adult females (F) and adult males -adults (Rosing-Asvid et al. 2002) . Skulls were according to year of birth (age subtracted from year of kill). Measurements of individual levels of PCBs, HCB, HCHs, DDTs, dieldrin, CHLs, and PBDEs in subcutaneous adipose tissue were from East Greenland. Further details on the levels of the organohalogen compounds in relation to season, sex, and age are given in , Sandala et al. (2004) , and Muir et al. 
Measurements
Nine metric bilateral traits were measured in order to estimate the level of FA in the skulls (Table 2 and Fig. 1 ). Each trait was measured on the right (R) and left (L) side of each skull, using digital callipers (Mitutoyo, Mitutoyo Corporation, Japan) to the nearest 0.04 mm. The traits were measured twice on each skull, always by the same person, and never twice on the same day.
Identification of sex
The Svalbard subadult sample consisted of 131 individuals, of which 90 were of known sex (52 male, 38 female). The adult sample consisted of 235 individuals, of which 137 were of known sex (84 male, 53 female). In the East Greenland sample, 88 of the 133 subadults were of known sex (47 male, 41 female), and 132 of the 133 adults were of known sex (73 male, 59 female). see below) were run on the three groups with a larger number of individuals of undetermined sex (Svalbard: Subadult and adult, East Greenland: Subadult) (Hair et al. higher number of individuals (n) with known sex and thus more degrees of freedom (df) in later (right side of all traits) were used as dependent variables when assessing normality for the bears of known sex in each subgroup. Males and females were handled separately. Normality was assessed by applying the Shapiro-Wilk test solely to the bears of known sex with valid values in all dependent variable categories, as these were the -catory analyses. Factor analysis with a principal components extraction, stepwise binary logistic regression, and stepwise discriminant analyses were run in order to obtain suggestions for different models to discriminate between males and females. These analyses helped in understanding which variables (traits) were of greater importance when looking to discriminate between the sexes. The variables (traits) of least importance could thus be sorted out, and the analyses run again. The fewer the variables applied in each analysis, the higher the number of individuals (n) included in the calculation of the model would be. The higher n would cause the remaining variables to better meet the normality distribution.
Simultaneous discriminant analyses were used to analyze the various suggestions for a model, and the best solution for this study (a combination of high percentage of individuals number of individuals with unknown sex identiwere applied to the data set and used in further analyses. Table 2 . Definition of the nine metric traits measured on skulls of East Greenland and Svalbard polar bears (Ursus maritimus).
Trait Definition
Skull OPF Maximal distance between the opistokranion and the postorbital process of the frontal bone. CBL Condylobasal length. The maximal distance between the anterior margin of the alveole of the 1st incisor and the anterior margin of the occipital condyles.
P4-M2
Length from the anterior margin of the 4th premolar to the posterior margin of the 2nd molar.
C-M2
Length from the anterior of the alveole of the canine, to the posterior of the alveole of the 2nd molar.
I1-M2
Length from the anterior of the alveole of the 1st incisor, to the posterior of the alveole of the 2nd molar. POH Postorbital height. The minimal distance between the postorbital process of the frontal bone and the frontal process of the zygomatic arch.
Lower jaw
Lp4
Length of the 4th premolar of the lower jaw. ML Mandible length. The maximal distance between the anterior margin of the mandibular symphysis and the posterior margin of the angular process. MH Mandible height. The maximal distance between the margin of the angular process and the coronoid process.
Statistical analyses
Preliminary examination of data
All traits were tested with regards to normality, anti-symmetry, size dependency, and directional asymmetry (DA). Traits OPF, C-M2, I1-M2, DA was discovered in two traits, P4-M2 (p < 0.0001) and ML (p < 0.0001). If deviations from symmetry are heritable in traits that exhibit DA, then apparent differences in DS among groups could arise solely due to differences in the amount of inherited variation for asymmetry (Palmer 1994) . In other words, DA goes against the theoretic "common ground" of FA, the ability of individuals in a given group to attain equal development under the given circumstances. In -ses on traits P4-M2 and ML were also carried out using the absolute value of the residuals of a regression of the left and right side traits instead of simply (|R -L|) as the dependent variable (Pertoldi et al. 2000b ). Only two results changed when using the residuals instead of the general FA-index: In the three-way ANOVA estimating FA within periods, locations and sex/age groups (see below), ML (Resid.) interactions (Table 3 ), but in the main factor sex/age group (p = 0.008). Furthermore, the sig-M2 (Resid.) . As the changes were so few and of no great consequence to the discussion, we decided method used throughout the paper.
Traits CBL and MH were size dependent until successfully transformed, using (Palmer & Strobeck 2003a) . For all further analyses, traits CBL and MH were used in their transformed form, while all other traits were used untransformed. None of the nine traits See Bechshøft et al. (2008) for further information on calculations of asymmetry, measurement error, and repeatability.
All statistical analyses were performed using SPSS (version 13.0) (SPSS Inc., Chicago, Illip = 0.05 Table 2 ) measured on skulls of East Greenland and Svalbard polar bears (Ursus maritimus). Figure modified from Amstrup and DeMaster (1988) .
Bias
FA may increase with increasing trait size (Leung 1998) and ME may increase with decreasing trait size (Merilä & Björklund 1995) . This could create bias in the sample if the skulls of bears of any one sex or locality were consistently found to be growing larger or smaller over the period of time during which the investigated polar bear ( 1960 and > 1960) 0.016 ML (Resid.) Adult male/adult female/subadults 0.008 MH (Adult male/adult female/subadults) ( 1960 and > 1960) 0.015 Table 4 . Results from hierarchical multiple regression analyses (dependent variable: The absolute value of measured fluctuating asymmetry; explanatory variables: Contaminant levels in individual subcutaneous adipose tissue samples) carried out on nine metric traits measured on skulls of East Greenland polar bears (Ursus maritimus), in order to assess the degree to which the measured contaminant levels were able to predict the differences in the same individuals' measured levels of fluctuating asymmetry. Measurements of individual levels of PCBs, HCB, HCHs, DDTs, dieldrin, CHLs, and PBDEs in subcutaneous adipose tissue were available from a subsample of 65 of the East Greenland polar bears (further details on the levels of the organohalogen compounds in relation to season, sex, and age are given in Dietz et al. (2004 Dietz et al. ( , 2007 , Sandala et al. (2004) , and Muir et al. (2006) skulls were collected. Condylobasal length was chosen to represent general size. Two three-way ANOVAs (one on the subadults and one on the adults) were applied to test for size bias over of the repeated measurements) as (CBL right + CBL left condylobasal length as the dependent variable, and locality, sex/age groups (here: subadults, divided into males and females), and periods
The second ANOVA was conducted with condylobasal length as the dependent variable, and locality, sex/age groups (here: adults, divided
Outliers
Possible outliers, with regards to measurements, Palmer and Strobeck (2003b) . The outliers were then tested and removed according to Grubbs'
FA in relation to sex/age groups, periods, and localities A three-way ANOVA (dependent variable: FA (|R -L|), independent variables: locality, sex/age groups, and periods) was carried out for each trait in order to estimate which factors played an important role for differences in the observed FA. Prior to this, a one-way ANOVA was conducted on the traits in order to justify the pooling of the sexes in the subadult group (dependent variable: FA (|R -L|), factor: subadult males vs. subadult females), and the segregation of the sexes in the adult individuals (dependent variable: FA (|R -L|), factor: adult males vs. adult females). Games-Howell and Tukey's HSD post-hoc tests were applied in the analyses of two traits (OPF and POH). The time of the split between the two outputs and use of for example PCBs, one of the major organochlorines, began being widely used
2004, Dietz et al. 2004).
If an organism-wide level of FA exists, each trait would in theory add some information about it. As each trait ideally provides an independent measure of the organism's FA, combining the information from multiple traits ought to give a stronger analysis (Palmer & Strobeck 2003a) . Therefore, FA data (|ln(R) -ln(L)|) for traits C-M2, I1-M2, POH, and Lp4 were pooled and run in a four-way ANOVA (dependent variable: |ln(R) -ln(L)|, pooled for the four aforegroups, periods, and trait). The log-transformation was applied in order to remove any scale effect among the four traits.
FA over time
The analyses of temporal variation in FA were run only on polar bears born in 1950 or later, as the individuals born before that time were too few to conduct continuous time-trend analyses on. The East Greenland and Svalbard samples were pooled in the analyses. The two samples were roughly equal as to number of males and females, as well as number of adult males, adult females, and subadults (see Table 1 ). Trait I1-M2 was not included in the analysis, as it showed a geographical difference (see Results). A scatterplot of the FA (|R -L|) of each of the remaining traits versus the birth year of the individuals was produced for each sex/age group.
dence intervals) and LOESS (locally weighted scatterplot smoothing) lines were added to each scatterplot. The LOESS line was applied to allow the data to reveal its own natural pattern (Cleveland 1979 , Prince & Silva 2002 linearity of the relationship between year of birth and FA for the nine traits, Pearson correlation analyses were performed for each sex/age group on each trait, assessing the degree to which the on the observed FA.
FA and contaminant levels
Hierarchical multiple regression analyses (FA (|R -L and contaminants as explanatory variables) were conducted in order to assess the degree to which individual contaminant levels were able to predict the differences in the individual levels of FA. The explanatory variables were entered in M1), then contaminants (model 2, M2). In this way, variables were assessed in terms of what they added to the prediction of the dependent variable.
Results
Identification of sex
For the Svalbard subadult sample, trait P4-M2 was the best parameter for distinguishing --viduals were sexed according to this model. For the Svalbard adult sample, the model consisting of traits P4-M2 and I1-M2 was the best (91.0% accuracy), determining the sex of a high number of individuals of previously unknown sex (n the East Greenland subadult sample, as it identi-(88.0% accuracy) and also determined the sex of a high number of individuals of previously unknown sex (n = 38).
The unstandardized canonical discriminant functions were estimated as seen below. Cutting scores were calculated as described in Hair et al. 
Bias
The three-way ANOVA testing for bias of condylobasal length over time in the subadult sample showed that CBL was larger during the early p = 0.013), especially for the Svalbard polar bears. There was no observed temporal bias in size for the adult sample.
Outliers
R and L) were excluded from the statistical analysis, which corresponds to 2.0% of all measurements taken.
FA in relation to sex/age groups, periods, and localities
The one-way ANOVA of FA showed no sigp 0.997), and the groups were thus pooled into a single group of subadults. The analyses of adult males vs -ferences in regard to their FA in three of the nine traits (males having higher levels of FA), and the groups were therefore kept separate in -cant results from the three-way ANOVA estimating FA within periods, locations, and sex/age groups (Table 3) : The FA of traits OPF (p < 0.0001) and POH (p -cantly among the sex/age groups. Games-Howell (for OPF) and Tukey's HSD (for POH) post-hoc higher FA than subadults (OPF: p < 0.0001, POH: p p < 0.0001, POH: p MH, the interaction between sex/age groups and p p = 0.015). In trait P4-M2 subadults as well period than during the second period (Fig. 2a) . The pattern for trait P4-M2 of the adult females was the opposite, with a clearly lower FA during the second period. In the interaction in trait MH, adult males had a markedly lower FA during the second period, whereas the pattern for both subadults and females were the exact opposite, with highest FA-values in the second period (Fig. 2c). higher (p = 0.005) in the Svalbard bears. The polar bears (irrespective of sample locality and p < 0.0001).
Trait ML was also determined by the interaction effect between geographic locality and periods (p as well as those from Svalbard had a higher FA during the early period (Fig. 2b) . The difference between the two periods was by far the greatest in the Svalbard subpopulation (Fig. 2b) .
The four-way ANOVA on the pooled four traits showed that trait (p < 0.0001) and locality (p the model. Trait POH held the highest FA fol-(p < 0.0001), except for C-M2 and I1-M2 (p = 0.198). The Svalbard polar bears had a sigp = 0.030) than those from East Greenland. All other factors, main as well 
FA over time
For all traits, the linear regression and the LOESS lines largely followed the same path (Fig. 3) , which rendered the linear correlation a plausible model for the nine traits in each subgroup (Cleveland 1979 , Prince & Silva 2002 cant results from the Pearson correlation analyses, as they all exhibited a negative correlation of FA over time: adult females, traits P4-M2 (Fig. 3a : r = -0.232, p = 0.028) and ML (Fig. 3b: (Table 4) . Sex and age of the polar bears explained between 0.8% and 10.0% of the variation in the measured FA (M1 in Table 4 ), whereas the contaminant levels -ation in the measured FA (M2 in Table 4 ). When both factors (age and sex, and contaminant levels) were taken into account in the model, between 8.90% and 31.70% of the measured variation in FA was explained (M total in Table 4 ).
Discussion
Identification of sex 2000 1990 1980 1970 1960 1950 Year of birth sex were performed on Svalbard subadults and adults, and on East Greenland subadults. All models primarily included the trait P4-M2, which was also applied previously by Larsen
Bias
FA may increase with increasing trait size (Leung 1998) . This could create bias in the sample if the skulls were consistently found to be growing larger or smaller over the period during which the investigated polar bear skulls were collected. The three-way ANOVA assessing bias of condylobasal length of subadult polar bears over time showed that the CBL of the subadults was sigespecially for the Svalbard subadults. These results could be caused by the limited number of subadult Svalbard polar bears available from the earlier period compared to the second period. This bias must be taken into consideration when interpreting other results pertaining to the subadult bears in the present FA study.
Outliers
In the present study, 2.0% of the FA data were Trait ML of all sex/age groups had a FA which than during the second. This obviously goes against the theory of pollution as generator of increasing FA. This could be due to the DA of the trait, or perhaps the change is instead caused by -tion density, temperatures, or prey availability. Also, it could partly be a result of the previously mentioned bias in size over time found in the subadult sample. The results for the interaction between traits P4-M2 and MH, respectively, and the two periods were rather inconsistent, again perhaps due to the DA of trait P4-M2. The only sex/age group that showed the same trend for both during the second period than they did during the are under more severe stress during their phase of rapid growth , with the fatty mother's milk they consume at this sensitive stage of their life containing high levels of organohalogens (Bernhoft et al. 1997 , Polischuk et al. 2002 . An organism's DS is often believed to be largely determined during the foetal stage (Siegel et al. 1977b , Møller & Swaddle 1997 . Still, the trait can apparently also organisms' entire lifespan. Møller and Swaddle (1997) suggest that the DS may depend on the nature of the trait, i.e. how functionally important it is to the organism. Vertebrate bones for examet al. 2000) . Therefore, aspects such as canalization (Nijhout & Davidowitz 2003) and plasticity (Nijhout & Davidowitz 2003 , Palmer & Strobeck 2003a are also important concerns.
FA in trait I1-M2 than did the bears from East outcome of the pooling of four of the traits. This gives reason to believe that the trend of Svalbard polar bears having higher FA levels than East Greenland polar bears could well be a trend in other traits too, although too faint to be detected when each trait is analyzed on its own. A geographical difference between the two subpopulations was also found by Sonne et al. (2007) , with the Svalbard bears having a higher ratio of tooth wear than the East Greenland bears. Sonne et al. (2007) ascribed the observation to differences in bone consumption (food competition) caused by population density and food availability. Perhaps the difference in FA could also be ascribed to the speculated increased polar bear population found in Svalbard (Derocher 2005) . than both adult females and subadults in traits OPF and POH. The explanations for this lie inally under more stress than the other two sex/age groups, perhaps they differ in plasticity which could potentially affect their FA levels, or perhaps this could be a case of greater body size causing higher variance (Pertoldi et al. 2007) . Should either of these hypotheses be true though, one would perhaps expect the adult males to age groups in more than just two traits.
One could also speculate as to the choice of year of split between non-polluted and polluted periods. Perhaps a division into three periods could have been an option, as many of the "old" organochlorines have shown indications of decrease recently (Derocher et al. 2003 , Verreault et al. 2005 , Riget 2005 ). Change in FA over time was therefore further analysed.
FA over time
analyses of FA over time (with the two subpoputraits P4-M2 and ML in the adult females, and trait MH in the adult males. The results for the females could be confounded by the DA found in traits P4-M2 and ML. Assuming that FA is an indicator of stress, the East Greenland and Svalbard polar bear subpopulations seem to have become progressively less stressed over time since the 1950s, in spite of possible effects of Wiig 2005), pollution (Norstrom et al. 1998 , Skaare et al. 2000 , Derocher et al. 2003 , AMAP 2004 , Braathen et al. 2004 , Verreault et al. 2005 , Regehr et al. 2005 , Wiig 2005 .
If factors such as temperature or other extrinsic stressors have shifted considerably over the period during which the skulls were collected, it could explain why FA was found higher in (temperature extremes) during the earlier period could have led to a decline in prey availability and thus starvation-induced stress and FA in the polar bears. However, this hypothesis is not likely, as temperatures above normal have been experienced in the Arctic during the last decades (ACIA 2005 , Sonne et al. 2005a . Earlier studies of marine mammals detected differences in FA over time, connected to pollution (Zakharov & Yablokov 1990 , Schandorff 1997 . However, in these studies, PCB and DDT concentrations were up to a hundred times higher than those found in the present study (see e.g. Olsson & Reutergårdh et al. 1992) . Apparently there must also exist other factors than the abovementioned to be reckoned with when assessing the state of these two polar bear subpopulations. It has recently been speculated that the Svalbard polar bear subpopulation, which was previously so heavily depleted (Lønø 1970, recovery where individual growth becomes density dependent (Derocher 2005) . This would indicate that the subpopulation growth was currently at or beyond its peak. The present results, however, indicate that density dependence is not yet to be reckoned a stress factor for the East Greenland and Svalbard polar bear subpopulations. An alternative explanation could simply be that FA of metric skull traits is not a suitable predictor of stress in polar bears. However, metric skull traits have been successfully applied as measurers of stress in other species (Siegel et al. 1977b , Pertoldi et al. 2000a , Hoelzel et al. 2002 .
A more speculative explanation for the decrease in FA found in the present study could be the declining pollution rates in most of the "older" organohalogens (Derocher et al. 2003 . Concentrations of pollutants such as those examined in the present study have decreased ca. 20%-70% since 1990 . Were these organohalogen concentrations extrapolated back in time, values observed same range as those used by Zakharov and Yablokov (1990) and Schandorff (1997) . This would support our hypothesis of metric FA being linked to organohalogen pollutants in polar bears. However, no data is present to support this, and the existence of such a link thus remains uncertain.
FA and contaminant levels
multiple regressions between FA and contaminant levels were positively correlated. However, parameter estimates (B results were very low. This means that although a trend supporting the theory of increased pollution levels leading to more stress and higher FA was found, no clear picture emerged. None of the few other studies attempting this correlation between FA and contaminants on an individual level had particularly higher success in linking the two factors (Pertoldi et al. 1997 , Hendrickx et al. 2003 . The pollutants supposedly have their greatest effect on the individual at the foetal stage (e.g. Siegel et al. 1977b , Møller & Swaddle 1997 . This is why the age and sex, even together, did not explain much of the variation found in the measured FA (M1, great deal more (M2, Table 4 ). As when analysing FA over time, one must probably take factors other than pollution into consideration when Perhaps FA of metric skull traits is not a suitable predictor of pollution-induced stress in polar bears. Or perhaps the organohalogen toxic loads are not at high enough levels to elicit a measurable positive response in the FA of the examined polar bears. Schandorff (1997) , and Zakharov and Yablokov (1990) found that high levels of FA were associated with high levels of pollutants, but the pollutant concentrations in these studies by far exceeded the ones in the present study, as also mentioned earlier.
The present FA study was in part motivated by the results of Sonne et al. (2005a) . The aim was to achieve better and more robust results when linking the FA of the bears to time, and to organohalogen loads in and around them. This was attempted by including a higher number of bears, and by applying more exact measuring equipment and methods. The measuring methods and statistical approach of the present study regards to the repeated measurements of all traits, which provided an excellent basis for comparing measurement errors and levels of FA (Bechshøft et al. 2008) . However, this did not help create a markedly clearer picture than the one obtained in Sonne et al. (2005a) when linking the FA of the polar bears to time and organohalogen loads. As the metric traits used in this study were measured, foramina were counted on the same polar bear skulls. Analysing these meristic data for FA is a natural next step, and may help clarify the picture.
Conclusions
The results indicated that Svalbard bears generally had a higher level of FA than those of East Greenland. Subadult polar bears were found to have higher FA in two traits during the late to have generally higher FA in two traits than the other sex/age groups. Overall, the present study showed no substantial evidence of a linkage between levels of FA and organohalogens. Instead, the indications were of subpopulations with generally declining levels of FA over time, suggesting the existence of positive population level effects powerful enough to overrule the warming, pollution, and overharvesting.
